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ABSTRACT 
Studies were carried out to  investigate the allelic relationships, penetrance and 
expressivity of genes controlling number of flowers per axis in chickpea (r icer  arie/mlun~ L.) 
at the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), 
Patancheru, A.P, India during the post rainy season 2004105. 
The material for the present investigation comprised of a double-flowered line (ICC 
4929), a triple-flowered line (IPC 99-18) and a multi-flowered line (JGM 71, and six Fls 
derived From all possible combination of crosses between these lines, and three Fz populations 
of crosses ICC 4929 x P C  99-18, PC 99-18 x JGM 7 and ICC 4929 x JGM 7 These were 
sown in unreplicated block with a spacing of 60 x 20 cm on 9' October 2004. ICC 4929 has 
pink-veined white flower, while IPC 99-18 and JGM 7 have pink flower. Standard crop 
production practices were used and plant protection measures were taken to grow a healthy 
crop One light imgation was given to overcome moisture stress during early flowering stage. 
The Fls  from double-flowered x triple-flowered cross were double-flowered, whereas 
F l s  from double-flowered x multi-flowered and triple-flowered x multi-flowered crosses were 
single-flowered. The F2 from double-flowered x triple-flowered cross gave a good fit to a 3 1 
ratio for double-flowered and triple-flowered plants The F2 from double-flowered x multi- 
flowered cross segregated in a ratio of 9.3 3.1 for single-flowered, double-flowered, multi- 
flowered and double-multi-flowered plants The F, from triple-flowered x multi-flowered 
cross segregated in a ratio of 9:3.4 for single-flowered, triple-flowered and multi-flowered 
plants. The results clearly established that two loci control number of flowers per axis in these 
genotypes. The double-flowered and triple-flowered traits are controlled by a single locus 
(.'iff) and the allele for double-flowered trait (sg,,) is dominant over the allele for triple- 
flowered trait (fl,). The multi-flowered trait in JGM 7 is controlled by a different gene (cynl). 
Single-flowered plants have dominant allele at both the loci (Sj- Cym-) 
Complete penetrance (100%) was recorded for double-flower, triple-flower and multi- 
flower traits in respective parental lines. However, variable expressivity was observed for 
flowering and podding traits The highest expressivity (96 34%) was observed for double- 
flower trait in ICC 4929, followed by triple-flower trait (81.15%) in IPC 99-18 and multi- 
flower trait (51 33%) in JGM 7, the double-pod trait showed higher expression (76 36%) than 
multi-pod trait (24.7%). The triple-flower line IPC 99-18 did not produce triple-pod at any of 
the nodes thus the expressivity of triple-pod trait was 0.00%. Average number of flowers per 
axis and average number of pods per axis were higher in multi-flowered line JGM 7 than other 
flowering types. 
Inheritance studies on flower colour showed the presence of a single gene ( Ifc) that 
inhibits the flower colour This gene in homozygous recessive condition (ifc ifc) changes the 
pink colour petals to  white colour without changing the vein colour Similarly green foliage 
colour was found dominant over purple foliage. Thus monogenic inheritance was confirmed 
for two morphological traits, flower colour and foliage colour. Joint segregation analysis 
showed the presence of a common gene that exhibit pleiotropic effects on flower and foliage 
colours 
Variability studies showed significant differences among flowering types for 
characters number of flowers per axis, number of pods per axis, yield per plant and 100-seed 
weight. Double-multi and multi-flowering types were superior to  other flowering types in 
yield per plant and 100-seed weight 
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Introduction 
CHAPTER I 
INTRODUCTION 
Chickpea ((l'cer arieririlrm L ) ,  a diploid (2n = 2x = 16) member of the family 
Leguminosae and subfamily Papilionoideae, is the most important pulse crop of South Asia 
and the third most important pulse crop of the world. It is currently grown on about 11) 4 
million hectares with production of 8.6 million tons, of which 95% cultivation is in the 
developing countries (FAOSTAT data 2005). 
India is the largest producer of chickpea, accounting for 62.6% of the area (6 50 m ha) 
and 67.3% of the production (5.77 million tons) of chickpea in the world (FAOSTAT data 
2005) Chickpea is known in various parts of the country by different names such as cha~ia. 
gram, chholu and Ber~gul gram 
Chickpea originated in the temperate regions of southeastern Turkey and adjoining 
Syria (van der Maesen, 1987) Subsequently two distinct subtypes were evolved The small, 
dark-seeded desi variant is adapted to South Asia. The large, cream-seeded type called Kahuli. 
predominates across West Asia and North Africa (WANA), America and Europe (van der 
Maesen, 1987). 
In India, chickpea is cultivated in winter season under both, rainfed 
and inigated conditions. States like Madhya Pradesh, Rajasthan, Uttar Pradesh, Maharashtra, 
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Andhra Pradesh, Kamataka, Bihar and llaryana contribute about 9554 of the total chickpea 
production of the country 
Andhra Pradesh (6 02%) and Kamataka (4 78%) have registered highest growth rate 
in productivity during the past decade In Andhra Pradesh, due to the adaptation of shon- 
duration high-yielding varieties, the chickpea area has increased about 5-fold (from 60,000 ha 
to 288,000 ha) and the production 13-fold (from 28,000 t to 363.000 t) during 1993 to 
2002 The yield has increased from 500 to 1300 kgha during this period 
Chickpea grains provide about 18-24% protein, 4-10% fat, 52-70 9% carbohydrate, 
10-23% fiber, minerals, and vitamins Among essential amino acids, lysine, methionine. 
threonine, valine, isolucine and leucine are major components of seed protein Chickpea 
contains considerable amount of vitamins such as B, and B1, ascorbic acid (vitamin C) and 
niacin Thus, chickpea plays an important role in human nutrition also 
The presence of nitrogen fixing bacteria in its roots improves the soil fertility by way 
of fixing atmospheric nitrogen The deep roots help in opening up the soil to the much deeper 
strata, which also help in improving soil aeration resulting in better root development and 
microbial activities in soil 
Since decades India ranks first in area and production o f  chickpea but the average 
productivity is very low (790 kgha) compared to potential yield (5000 kgha), this lag mainly 
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due to several constraints like unstable environmental influence on expression of flowering, 
long duration of crop season in some areas apart from abiotic and biotic stresses 
The use of markers in a crop cultivar gives an added advantage in characterizing, 
selection and in maintaining the genetic purity. Several morphological markers, such as flower 
colour and pigmentation, are used in different crops Genetics of flower colour and 
pigmentation are not well understood as also for many other traits in chickpea 
Most efficient way of improving crop yield is through hybrid seed production using 
male sterile lines. In legumes like beans and peas, there are many seeds in a single pod but in 
chickpea, each pod produc,es only a single or two seeds There are many constraints to the 
production of hybrid seed in chickpea, i.e. <I% cross pollination (Tayyar et al, 1995) due to 
cleistogamous flowers, low seed to seed multiplication, and high seed rate required for 
sowing. Thus, the only approach available for chickpea improvement is the development of an 
improved plant type by improving traits that contribute to yield potential The major yield 
contributing traits in chickpea are number of pods per plant, number of seeds per pod and seed 
size. 
Most of the chickpea germplasm accessions produce a single flower at each flowering 
node, but some lines produce two, three or more flowers per axis and have the potential to 
form more than two pods per peduncle. As the sink capacity is more in double, triple and 
multi-podded plants, exploitation of multi-pod trait may be considered in developing high 
yielding cultivars It has been found that there is a yield advantage of double-pod trait over 
single-pod trait (Sheldrake et I , 1918. Singh and Rheenen ,994. Kumar et a ] .  2060) 
Meanwhile, triple-flowered and multi-flowered lines have also been identified The multi- 
flowered plants produce more than two pods at many nodes Preliminary evaluation of this 
trait showed yield advantage from more number of pods per plant However, more studies 
would be necessary to examine the effect of multi-flower (multi-pod) trait on seed size and 
exclusively demonstrate the value of this trait in chickpea breeding (Gaur and Gour. 2002) 
A better understanding of the genetics of number of flowers per axis and allelic 
relationships of genes governing various flowering types will help in improving efliciency of 
breeding programmes for exploiting these traits The available information on inheritance and 
linkage of traits is rather limited Thus, the present study was conducted to investigate the 
inheritance and allelic relationships of genes controlling number of flowers per axis, flower 
colour and foliage colour with the following objectives 
(1) To determine allelic relationships, penetrance and expressivity of genes controlling 
double, triple and multi-flower traits 
(2) To assess the effects of double, triple and multi-flower traits on seed size and grain 
yield 
Chapter I1 
Review of literature 
CHAPTER I1 
REVIEW OF LITERATURE 
The existence of wide morphological diversity in chickpea ((5crr ur~r/r~rrir~i L ) offers 
ample opportunity for genetic studies Qualitative characters bein8 less influenced by 
environmental variations are used widely as markers for quantitative traits The literature 
available on genetics of chickpea traits relevant to this study has been reviewed in this chapter 
2.1. Inheritance 
2.1.1. Number offloners per axis 
Chickpea (('icer. nr!eririmii L.) has a racemose type of inflorescence and most 
germplasm linedcultivars produce a single f l o ~ e r  at each axis of the raceme Several 
germplsm lineslcultivars are known which produce two flowers per axis Of the 12018 
germplasm accessions evaluated at ICRISAT, 100 were double-flowered (Pundir er NI 1985) 
Varieties having two flowers per pedicel were first described by Shaw and Khan 
(1931). Later many researchers have studied the inheritance of this trait Khan and Akhtar 
(1934) were the first to study genetics of single and double-flower traits and reported that 
singleness was due to a factor "5"' dominant to double-flower trait 
Dhapkar and Patil (1962) and Ahmad (1964) also observed dominance of single-pod 
trait over double-pod trait They suggested that yielding ability of kahali chickpea could 
possibly be improved by introducing double-pod trait from desi chickpea. 
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Spontaneously occurring double-flowered mutants have been reported by several 
researchers. Singh (1965) identified a double-flowered mutant, which gives rise mostly to two 
unusual smaller pods ksed at the base with pear shaped appearance Similarly, Pundir and van 
der Maesen (1981), and Rao and Pundir (1983) also reponed double-flowered mutants 
Recessive nature of double-flower mutant trait was confirmed in all these studies 
Genetics of double-flower trait was also studied by Patil (1966). D'Cruz and 
Tendulkar (1970), More and D'Cruz (1976), ICRISAT (1977). Yadav rr a / ,  (1978). Rao rr 
01, (1980), Pawar and Patil(1983), Singh and van Rheenen (1994). Kumar at a/.. (2000a) and 
Gaur and Ciour (2002). These studies further contirmed that the double-floweredness is 
controlled by a recessive allele. D'Cruz and Tendulkar (1970) proposed a gene symbol ".?fP' 
for the recessive gene for double-flower trait It appears that ".P (earlier proposed by Khan 
and Akhtar 1934) and "sjT represent the same gene 
Mutants have been identified that produce more than two flowers per axis. First report 
on triple-flower trait was by Singh and Chaturvedi (1998). They demonstrated that triple- 
flower trait is controlled by a single recessive gene "r/f'. The allelic relationship between "s" 
or "sp and "rrf' is not known. 
Gaur and Gour (2002) identified a spontaneous mutant that produces 3 to 9 flowers, 
arranged in a cymose inflorescence, at many axis of the raceme. The mutant was isolated from 
F2 population of an interspecific cross ICC 5783 (C. arietintrm) x ICCW 9 (C reticulalum) in 
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which both the parents involved were single-flowered. The number of pods set varied from 0 
to 5 in each cyme Inheritance studies indicated that a single recessive gene, designated 'cym', 
was responsible for cymose inflorescence The allelic relationship of r.ym and .$ a gene for 
double-flower trait, was studied from a cross involving multi-flowered plants and the double- 
flowered line ICC 4929 The cym gene was not allelic to .xP, suggesting that two loci control 
the number of flowers per peduncle in chickpea The cym locus segregated independently of 
the loci sfl, qifc (inhibitor of flower color) and hlv (bronze leave) 
2.1.2 Flower colour 
Flower colour is the most important diagnostic character in chickpea and is widely 
used as a marker in genetic studies and breeding work Observations on the laryest assemblage 
of chickpea material at ICRISAT recognize three main flower colours in chickpea, pink in 
71 0%, white in 18 9% and light pink in 9 4% of the germplasm accessions The other flower 
colours (dark pink, blue and light blue) occur in smaller proportion of germplsm 
Geographically, the pink flower colour dominates in the Indian subcontinent and the white 
flower colour in the Mediterranean and Andean regions, and Mexico (Pundir el al., 1985) 
Pimplikar (1943), Khan et al. (1950), Argikar (1955), Argikar and D'Cruz (1963), 
Bhapkar and Patil (1963), More (1964), Patil (1964), Athwal and Brar (1967), Patil (1967), 
Khosh-Khui and Niknejad (1971), Mian (1971), Jagtap el a1 (1973), More and D'Cruz 
(1976b), Nayeem et al. (1977), Reddy and Nayeem (1978), Yadav el a1 (1978), Pawar and 
Patil(1982 and 1983), Kidambi et a/. (1988), Singh el al. (1988), Gil and Cubero (1993) and 
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Pundir and Reddy (1997). Tefera (1998). Sabaghpour (2000) and Kiran kumar (2001) reported 
that a single locus is responsible for pink and whitehludiyht velvet colours in chickpea 
Khan and Akhtar (1934) reported that flower colour is controlled by two pairs ofgenes 
(P and H) in chickpea. The genotypes I' H , I J I J  H , P h h and p p  h h produce pink, blue, 
white and white flowers, respectively. The F2 gave a ratio of 9 pink . 3 blue 4 white- 
flowered plants. Pa1 (1934) and Kadam cl  a1 (1941) observed similar segregation ratio (9.3.4) 
for pink, salman and white flower colours. More and D'Cruz (1970, 1976a) and Patil and 
Deshmukh (1975) also suggested that flower colour in chickpea is controlled by two loci. 90 
and Hco. 
Deshmukh et a/. (1972) proposed two loci I.vco and Wco for flower colour. It was 
suggested that the genotypes I.vco Wco . , Ivco Ivco Wco . Lvco wco wco and lvco Ivco 
wcu wco produce pink, violet, white and white flowers, respectively Reddy and Chopde 
(1977a) reported that two complementary genes, designated I'cou and I'coh, control flower 
colour in chickpea with pink dominant to violet Pawar and Patil (1979) and Rao el a/. (1980) 
found digenic inheritance of flower colour giving an 1;2 ratio of 9:3 3-1 for pink, light pink, 
blue and light blue-flowered plants. Ghatge and Kolhe. (1985) and Ghatge (1994a) reported 
that two dominant genes Pcu and Bco are needed for expression of pink flower colour 
Interaction of three genes in controlling the flower colour was observed by Ayyar and 
Balasubramaniyan (1936). They reported that genes C B and I' are responsible for this trait. H 
and C are compkrnentav and P is supplementary to B. All three genes in dominant condition 
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produce pink flowers ((' B P ) and when H and (' alone are present blue flowers are 
produced ((' H pp). In all other combinations (('C hh 1'1'. ('(' hh /,I), cc HH I>l! cc HH pi), 
cc hh PI: and cc bbpp) flowers are white Similarly, D'Cruz and Tendulkar (1970) used the 
gene symbols Fcoa, Pcobi and I'coh?, Phadnis (1976) used the gene symbols A, H and C, 
Vijayalakshmi (1998) and Kumar er a/ (2000b) used the gene symbols C, D and P for 
explaining the three-factor inheritance of petal colour in chickpea 
Gaur and Gour (2001) studied the inheritance of pink-veined white flower colour. 
which is rare in chickpea They reported a recessive gene (!fi) which inhibit flower colour 
without affecting vein colour of the corolla in pink-veined white flowered accession ICC 
3929 Results indicated that homozygous recessive condition (Ifc fc) changes the pink flower 
colour (I' P R H lfc l f c )  to pink-veined white colour (I' I' H ! f i  fc) and of blue flower colour 
@ p  R (fc Ifc) to  blue-veined white colour ( p p  H !fc 1fi) Thus, indicating the presence of 
three factors in controlling petal colour in chickpea 
2.1.3. Foliage colour 
The anthocyanin pigments impart purplish colour to different pans of the plant The 
intensity of pigmentation is influenced by light The kahtrli types lack anthocyanin, their stems 
and foliage are green It appears that chickpea cultivars with higher anthocyanin content are 
relatively more stable and yield better as ofiep acknowledged by Indian and Ethiopian farmers 
(Pundir and Mengesha 1983) Anthocyanin pigmentation is a good genetic marker and low 
anthocyanin content is dominant over high anthocyanin and zero anthocyanin contents (Rao el 
a/., 1980) Of the chickpea germplsm available in gene bank at ICRISAT, 67 1% is low in 
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anthocyanin and 32 4% does not have it The remainder (0 54'0) of the collection is high in 
anthocyanin; leaves and stems are dark purple (Pundir er a l ,  1985) 
Monogenic inheritance of anthocyanin pigmentation was reported by Dhapkar and 
Patil (1962), Rao et a[. (1980), Ghatge (1993). Tefera (1998) and Kiran Kumar (2001) 
However, digenic inheritance was proposed by Ghatge and Kolhe (1985), Mathur (1989) and 
Sandu er a1 (1993). 
Mathur (1989) reported that development of purple pigmentation on plants depends on 
light. The chickpea line that he studied developed purple pigmentation in the whole plant 
when exposed to sunlight, while no pigmentation was developed in absence of light Ile 
further (1998) suggested that two complementary genes control light dependent purple 
pigmentation. 
There are variable reports on dominance of pigmentation trait Non-pigmented 
condition (normal green) was reported to be dominant to pigmented (purple) by Bhapkar and 
Patil (1962). Rao et 01. (1980), Sandu et al. (1993) and Kiran Kumar (2001), whereas 
dominance of pigmentation to normal green condition was reported by More and D'Cmz 
(1976), Ghatge (1994a), Mathur (1998) and Tefera (1998) 
2.2. Linkage 
The marker-assisted selection for genes of economically important traits with easily 
identified markers can improve the efficiency of breeding and hasten the development of 
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cultivars There are numerous reports on identification of linkages between qualitative traits 
and also between qualitative and quantitative traits in chickpea. The repons on the linkage 
relations of characters under study are summarized here. 
Aziz et al. (1960) reported that corolla colour (1') was linked with seed surface (N3 
and seed coat colour (10 with crossover percentages of 18 2 and 13 8 between P and Wand 
18.1 and 30.4 between 1' and K in two crosses of chickpea Similarly corolla colour was linked 
with loci for chryL'ra~~themum-like l aves (111,s) with a map distance of 28 3 cM (Reddy and 
Chopde 1977a) and with seed coat thickness with a map distance of 19 cM (Gil and (ubero 
1993). 
Corolla colour (I.vco) was found linked with one of the loci (I(,s<r or l(.vh) for type of 
seed surface (Deshmukh et al. 1972, and Pawar and Patil 1983), with one of the loci ( h c ,  or 
H.sc:c) for seed coat colour (Reddy and Chopde 1977b), with locus for number of flowers per 
axis (Sfl (Pawar and Patil 1983 and Singh et a l .  1988), with one of the loci controlling wilt 
resistance (Singh el al. 1988) and with the locus $4 for filiform leaf trait (Davis 1991) Rao 
and Pundir (1983) reported a three lobed vexillum mutant in which they observed a loose 
linkage between double flowered peduncle and lobed vexillum. 
Pleiotropic effects of gene (Pca) or one of the genes (I'coa, I'coh, and Ptohj) 
governing corolla colour on other qualitative traits was reported by many researchers The 
reports on pleiotropic effects included stem and corolla colour (D'Cruz and Tendulkar 1970), 
corolla colour, vein colour, stem colour, seed coat colour, pedicel colour and seed shape 
(Reddy and Nayeem 1978), and stem colour, pedicel colour, corolla colour and colours of 
veins on the ventral surface of the standard petal (Aher and Patil 1984). Ghatge cr ol(1985) 
reported the presence of a common gene (Hcu) for corolla colour (I'co and Hco) and seed coat 
colour (Rcu, Gsc, Ycol, Blsc, and Hl.Tca) Later Ghatge (1994b) reported that the gene (Hco) 
also shows pleiotropic effects on stem colour 
Pundir and Reddy (1997) reported a natural mutant (designated ICC 17101) that 
combines purplish stem (low pigmented) with white flower This trait combination was not 
previously known in ('rctr 
2.3. Penetrance and Erpressivity 
Singh el 01. (1986) investigated the extent of proportion of double-podded nodes 
among advanced generations (FI, Fh and F7) of double-podded progenies of chickpea The 
percentage of double-podded nodes varied from 28 5% to 80 2% in FI, 29% to 83 2% in F6, 
and 33.6% to 77.6% in P7 generation. They opined that higher proportion of double-podded 
nodes may add to the increase and stability in seed yield. 
Sheldrake et ul. (1978) observed that there was no significant difference in expression 
of double-pod character, at Hyderabad (17'32'~) and at Hissar ( 2 9 ? 0 ' ~ )  Though difference 
was not significant, percentage of double-podded nodes were higher at llyderabad than at 
Hissar. 
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Kumar et 01. (2000a) studied penetrance and expressivity of the gene for double 
podding in F2 population and RlLs of the cross ICCV 2 (single-podded) u JG 62 (double- 
podded). The penetrance of homozygous recessive (ss) gene responsible for production of 
double-flowers per peduncle showed unstable penetrance (53% in h and 84 5% in RILs) and 
variable expressivity ( I  1-14.8% in F2 and 0 1-33% in R1L.s). 
2.4. Contribution of double-pod trait to yield and its stability 
There are variable reports on yield advantage of double-flower1 double-pod trait in 
chickpea Sheldrake et al. (1978) studied effects of double-pod traits by converting double- 
podded nodes to single-podded by removing one flower from each node and reported that 
double-pod trait could confer a yield advantage of about 6-1 I% under conditions in which the 
character is well expressed, for example, terminal drought in peninsular India Singh and van 
Rheenen (1989, 1994) observed an yield advantage due to double-floweredness in their study. 
The mean yield of double-podded plants (JG 62 - 10 2 g) was higher than that of single 
podded plants (MS 24 - 9.4 g) Rubio CI al. (1998) found a positive effect of the double-pod 
gene on the stability of yield in chickpea. In the studies of Kumar el ul. (2000a), the seed yield 
advantage of the double-pod trait over the single-pod trait was 18% in F2 and 7% in the RlLs 
The increased number of pods and seeds contributed to the higher yield in double-podded 
plants. However, there was a slight decrease in seed size ofthe double-podded genotypes 
There are also reports about the negative effect or no significant effect of double-pod 
trait on yield contributing characters. Knights (1987) conducted an experiment to  quantify the 
effects of double-pod gene by comparing single and double-podded genotypes involved in 
three sets of inbred lines Results showed that mean yield and seed mass of double- podded 
lines was significantly less than single podded-lines in two of the trails Rubio er a1 (1998) 
found no significant difference between double and single-podded lines for seeds per plant 
(general mean for SP=79 and for DP-75) and yield ( ~ ~ = 1 3 7 g i m *  and ~ ~ = 1 3 1 g i m * )  They 
concluded that double-pod character would not decrease the seed size in chickpea, which was 
contrary to the report on negative effect of double-pod trait on seed size given by Knights 
(1987). 
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MATERIALS AND METHODS 
The present investigation was undertaken to study allelic relationships, penetrance 
and expressivity of genes controlling number of flowers per axis in chickpea (('icer 
ariet~num L.). In addition, investigation was also done to understand the association between 
number of flowers per axis and yield-contributing characters, The experiment was conducted 
during Rabi (post rainy) season 2004 in the field DM 14D at  ICRISAT, Patanchenr, A P., 
which is situated at an altitude of 545m above the mean sea level. Geographically it lies at a 
latitude of 17'27'N and a longitude of 7S028'E. The weather data for crop growth period are 
given in Appendix 1. 
3.1. MATERIALS 
The experimental materials for present investigation comprised of three chickpea 
lines (ICC 4929, IPC 99-18 and JCbl 7), Fls from all possible cross combinations between 
these lines, and three F2 populations derived from one-way crosses (ICC 4929 x IPC 99-18, 
IPC 99-18 x JGM 7 and ICC 4929 x JGM 7). As the maternal effects were not observed in 
any of the cross combinations for the traits under study, Fz populations from reciprocal 
crosses were not studied. Details of the four parents are presented in Table 3.1 
3.2. METHODS 
3.2.1. Field experiment 
The seeds from the parents, Flsand F2s were sown in an unreplicated block at a wider 
spacing of 60 x 20 cm with single seed per hill The experimental materials were sown at two 
locations to asses effects of environment on expressivity of traits. The locations were 
ICRISAT, Patancheru in southern lndia and Indian Institute of Pulses Research (IIPR), 
Kanpur in northern India. The experiment at IlPR had to be abandoned, as there was severe 
plant mortality due to hsarium wilt The sowings at lCRlSAT were undertaken in venisols 
on 9h October 2004 All recommended package of practices, including basal application of 
fertilizer (DAP 100 kg ha"), one intercultural operation to control weeds and three sprays of 
pesticide to manage pod borer, were followed to raise a healthy crop. One light irrigation was 
given during early flowering stage to overcome moisture stress conditions 
Table 3 1 ,  Description of parental lines used in the study 
Character I 1CC4929 1 IPC 99-18 
Origin 
Varietal status 
r 
/ Flowering type 1 Double-flowered I Triple-flowered / Multi-flowered I 
Flower colour 
Foliage colour 
Punjab, lndia 
Land race 
Growth habit I Semi erect 
Pink-veined white 
Normal green 
Seed type 
/ React.iO"O 1 Susceptible 1 Resistant I Fusanum w~lt  Susceptible 1 
IlPR Kanpur 
Mutant line 
Seed coat colour 
1 Maturity / Late 1 Late 1  ate 1 
JNKVV Jabalpur 
Mutant line 
Semi erect 
Pink 
Light green 
l lesi 
Semi spread 1 
Pink 
Bronze or purple 
Yellow brown 
De.si 1)esi 
Yellow brown Yellow brown 
3.3. Recording of observations: 
The observations were recorded on all individual plants in each F* population (around 
330 plants in ICC 4929 x IPC 99-18, 360 plants in IPC 99-38 x JGM 7, and 360 plants in 
ICC 4929 x JGM 7) and around 40 random plants in each parental line for the following 
traits: 
3.3.1. Type of flowering 
Each FZ plant was classified as single-flowered, double-flowered, triple-flowered. 
multi-flowered or double multi-flowered depending on the expression of trait on at least 20% 
of flowering nodes at maximum flowering stage. 
3.3.2. Number of flowers o r  pods per node: 
In chickpea, the flowering and podding stages overlap and continue for over a month 
due to indeterminate growth habit. Thus, each flowering node needs to be tagged and the 
plants need to be visited several times for recording observations on number of flowers per 
axis on the whole plant. This is very difficult for the study of large Fz populations Thus, two 
random branches were selected from each plant and observations were recorded on number 
of flowers per axis i.e. one, two, three or multi (more than three) on five consecutive nodes at 
the time of maximum flowering stage. These five nodes in each branch were tagged for 
further recording podding data during crop maturity 
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3.3.3. Number of pods per node: 
Podding data was recorded on the nodes, which were used for recording flowering 
data i e one, two, three, and multi (more than three pods), at crop maturity 
3.3.4. Flower colour 
Colour of the Freshly opened flower was recorded as pink or pink-veined white 
tlower. 
3.3.5. Foliage colour 
Colour of the foliage was recorded based on the visual observation on intensity of 
pigmentation. The classes observed were light green, normal green and purple 
3.3.6. Number of filled pods per plant 
The total number of filled pods in each plant were counted at maturity 
3.3.7. Number of unfilled pods per plant 
The total number of pods without seed in each plant were counted at maturity 
3.3.8. Number of seeds per plant 
The total number of seeds were counted in each plant after threshing the dried filled 
pods. 
3.3.9. Number of Seeds per pod 
Number of seeds per pod was calculated by using the formula: 
Number of seeds per plant 
. X 100 
Number of filled pods per plant 
3.3.10. Seed yield per plant (g) 
Weight of the total seed of a single plant was taken in grams 
3.3.1 1. 100 seed weight (g) 
Weight of 100 seed in grams for individual plants was calculated by using the 
formula. 
Seed yield per plant (g) 
X 100 
Number of seeds per plant 
3.4. Statistical analysis 
The data was subjected to the following statistical analyses using the standard 
statistical procedures 
3.4 .1  Goodness-of-fit chi-square test and linkage analysis 
3.4.2 Penetrance 
3.4 .3 .  Expressivity 
3.4 .4 .  T-test for significance of differences between means 
3.4.1. Goodness-of-fit chi-square test and linkage analysis 
The inheritance of various qualitative traits was studied using the computer 
programme "LINKAGE-I" (Suiter et al., 1983). which tests goodness-of-fit to expected 
'0 
ratios by chi-square analysis, detects the presence of linkage using a contingency chi-squar; 
test and calculates recombination fraction (r) and its standard error (SE) using maximum 
likelihood formulae For further confirmation of results, data was also subjected to another 
st(tistica1 package "JOINMAP" which detects linkages and make linkage yroups 
3.4.2. Penetrance 
Penetrance is defined as the frequency (expressed as percentage) with which 
individuals of a given genotype manifest at least some degree of a specitic mutant 
phenotype associated with a trait, i.e. - the YO of individuals expressing a trait The level of 
penetrance can be calculated as the proportion of individuals with a given genotype who 
exhibit a particular phenotype When all individuals of a particular genotype have the same 
phenotype, the gene shows complete penetrance and the level of penetrance is defined as 1.0 
The presence of incomplete penetrance at a gene may cause a phenotype to skip a generation 
in a pedigree. 
Penetrance of gene for double-flower (DF), triple-flower (TF) and multy-flower (MP) 
traits was calculated by uslng formula 
Number of observed DF or TF or MI: plants 
---------------------------------------.------------- - - X I00 
Number of expected DF or TF or MI; plants 
To know the probability limits at 1 degree of freedom, chi-square test was performed 
while explaining penetrance. 
3.4.3. Expressivity : 
The expressivity is defined as the degree to which a trait is expressed in an 
individual It can vary from "hardly noticeable" to  severe 
3.4.3.1. Expressivity of double-flower trait: 
Expressivity of genes for double-flower trait was calculated by using the formula 
Number of double-flowered nodes 
. X 100 
Number of flowering nodes 
3.4.3.2. Expressivity of tripleflower trait: 
Expressivity of genes for triple-flower trait was calculated by using the 
formula: 
Number of triple-flowered nodes 
.................................................... X I00 
Number of flowering nodes 
3.4.3.3. Expressivity of multi-llower trait: 
Expressivity of genes for multi-flower trait was calculated by using the 
formula: 
Number of multi-flowered (3  or more f lo~ers)  nodes 
---- - .-------------------..-----.--.------------------------------.- X 100 
Number of flowering nodes 
3.4.3.4. Expressivity of double-pod trait: 
Number of double-podded nodes 
--7----------------- ............................ X 100 
Number of podding nodes 
3.4.3.5. Expressivity of triple-pod trait: 
Number of triple-podded nodes 
------------ * --------------------------.-------- X 100 
Number of podding nodes 
3.4.3.6. E~pressivity of multi-pod trait: 
Number of multi-podded (3 or more pods) nodes 
------------------..----------------------- ..... ................. X 100 
Number of podding nodes 
NOTE: In the above formulae for calculating the expressivity of flowering and podding 
traits, the observations were recorded on 10 nodes per plant as described earlier. 
3.4.4. Test of significance of differences between means 
Test of significance is a procedure for distinguishing whether the observed difference 
connotes any real difference among groups or can be ascribed to mere sampling fluctuations 
It helps in making due allowance for the sampling fluctuation affecting the results of 
experiments or observations. 't' and 'Z' tests (based on the sample size) were used to test the 
significance of differences between two means for yield contributing characters and seed 
yield between parents and between crosses, respectively (Kapur and Saxena, 1969). When 
the p-value associated with t was low (< 0.05), the null hypothesis a a s  rejected and it was 
concluded that there is significant difference between means under comparision The 
Windows-based statistical package "GENSTAT" was used for conducting these tests. 
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RESULTS 
An experiment was conducted in the Ruhi (post rainy season) 2004105 to study the 
allelic relationships, penetrance and expressivity of genes controlling number of flowers per 
axis in chickpea (('icer arre~rrttrrn L.) The effects of various types for number of flowers per 
axis (single-flower, double-flower, triple-flower and multi-flower) on grain yield and its 
components were also assessed The experimental materials included three chickpea lines. 
ICC 4929 (double-flowered), IPC 99-18 (triple-flowered) and JCM 7 (multi-flowered). FIS 
from all possible crosses (including reciprocals) between three lines, and three Fl populations 
from one way crosses (ICC 4929 x IPC 99- 18. IPC 99-1 8 x JCM 7 and ICC 4929 x JGM 7) 
The data were recorded on all Fz plants (around 340) in each cross and around 40 
random plants in each parental line for three qualitative (flowering type, flower colour and 
foliage colour) and eight quantitative attributes (number of flowers per axis, number of pods 
per axis, number of pods per plant, number of seeds per plant, grain yield per plant, 100-seed 
weight, number of seeds per pod and number of empty pods per plant). The results are 
presented in this chapter under the following heads 
4.1 Penetrance of flowering types 
4 2 Bxpressivity of floweringlpodding types 
4 3. Allelic relationships of genes controlling different flowering types 
4.4. Inheritance of flower colour 
4 5 Inheritance of foliage colour 
4 6 Genetic linkages 
4 7 Genetic variability among flowering types for various characters 
4.1. Penetrance of flowering types 
The penetrance of the genes for double, triple and multi-flower traits was calculated 
from the parental lines ICC 4929, IPC 99-18 and JGM 7, respectively 
Penetrance was found to be 100% for each of these traits in respective parental line 
4.2. Expressivity of flowering /podding types 
4.2.1. Expressivity of flowering types 
Expressivity of the genes for double, triple and multi-flower traits was calculated in 
respective parental line 
4.2.1.1. Double-flower 
ICC 4929 (double-flowered parent) showed mean expressivity of 96 34% for double- 
flower trait The range was between 60% to 100% The mean number of flowers per node was 
1 96 and ranged between 1 7 to 2 0 (Table 4 1)  (Plate No 4 1 )  
4.2.1.2. Triple-flower 
IPC 99-18 (triple-flowered parent) showed mean expressivity of 81 15% for triple- 
flower trait The range was between 20% to 100% The number of flowers per node ranged 
between 1 9 to 3 0 with an average of 2 8 (Table 4 1) 
4.2.1.3. Multi-flower 
JGM 7 (multi-flowered parent) exhibited mean expressivity of 51 33% for multi- 
flower trait The range was between 0% to 80% The average number of flowers per node was 
found to be 2 83 and ranged between 1 2 to 4 1 (Table 4 I) (Plate No 4 2) 
4.2.2. Expressivity of podding types 
Expressivity of double-pod, triple-pod and multi-pod was studied in double, triple and 
multi-flowered parents, respectively (Plate No 4 3 )  
4.2.2.1. Double-pods 
ICC 4929 (double-flowered parent) showed mean expresslvity of 76 36% for double- 
pod trait and the range was between 20% to 90% The mean number of pods per node was 
found to be 1 77 and ranged between 1 8 to 1 9 The number of nodes without pods accounted 
for 6 83% (Table 4 1) 
4.2.2.2. Triple-pods 
IPC 99-18 (triple-flowered parent) exhibited mean expressivity of 0 00% for triple-pod 
trait, i e no single node was found with three pods in this parent The average number of pods 
per node was 1 44 and it ranged between 0 7 to 1 9 In this parent, the proportion of double- 
podded nodes (55 3%) was more than single-podded nodes (44 7%) (Table 4 1) 
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JGM 7 multi-flowered parent recorded mean expressivity of  24 70% for multi-pod 
trait The range was between 0 00% to 66 70%. The average number o f  pods per node was 
2.16 and ranged between 0.88 t o  4.17 In this parent, 37 27% o f  flowering nodes did not set 
pods (Table 4 1 )  
Table 4 1 ,  Expressivity of  flowers and pods in different parental lines 
/ CHARACTER / EXPRESSION % (Range) 1 
1 ICC 4929 I 1 
p~ 
Express~on of double-pods / 76.36% (20.90%) 
Flowering nodes a~thout pods 1 6.83% ( 0 4 % )  
I 
Number of pals per node 1 1.77 (1.7-1.9) 
I IPC 99-18 I 1 
Expression of triplc-flowcr 1 81.15% (20-100%) +- - I Evpress~on of uiple-pod 
1 Flowering nodes w ~ t h o ~ t  pods / 26.3446 (Q-SOK) i 
Expression of double-pod 
Expression of single-pod 
66.3% (0.00-77.80%) 
- - 
44.70% (10-1005) 
Number offlowers per node 
Number of pods per node 
2.8 (1.9-3.0) 
1.44 (0.7-1.9) I 
--- 
JGM 7 
Exprcss~on of multi-flower 
- 
51.33% (040%) 
Express~on of mulll-pod 
Flowering nodes wlhoul pods 
Number of flowen per node 
24.7% (0.00-66.7%) 
37.27% (1040%) 
2.83 (1.224.10) 
I 
Number of pods per node 2.16 (0.884.17) 
Table 4 .2 .  Expression level of different flowering and podding 
nodes in multi-flowered parent JGM 7: 
NIIMBEROF FLOWERS 
PER NODE 
EXPRESSION ?'a (Range) 
3 1.3 1% ((0.00-55.60%) 
I Five flowers 1 I I 40% (0.0(04(0.0(076) 1 
Three pods 
Four pods t
1 six ~ ~ O I V C K  
Seven flowers 
- 
NIIMRKROF PODS PI.R NODL 
one pod 
4 07% (o.G~-20 O O ? ~ )  
- 
2 50°h (O.(H)-20 mu+) 
- .  . . 
42 16%~ ( 16 70-7 I JO%,) 
i 
3 2 
4.3 Allelic relationships of genes controlling different flowering types 
4.3.1. Inheritance of number of flowers per node in the cross ICC 4929 x IPC 99-18: 
All Fls (direct and reciprocal) from the cross between double-flowered (ICC 4929) and 
the triple-flowered parents (IPC 99-18) were double-flowered (Table 4 3) indicating that 
double-flower trait is dominant over triple-flower trait There were 254 double-flowered and 
78 triple-flowered plants in FZ These gave a good fit to the monogenlc 3 1 ratlo ( ~ 2 - 0  401, 
P=O 53) (Table 4 4) The possible genotypes for parents and F2 phenotypic classes are 
suggested in Table 4 5 The inheritance pattern is explained in Fig 4 1 
4.3.2. Inheritance of number of flowers per node in the cross IPC 99-18 x JGM 7 
When triple-flowered line (IPC 99-18) was crossed with multi-flowered line (JCM 7). 
all Fis were found to be single-flowered (Table 4 3 )  In the 15, 199 single-flowered, 74 triple- 
flowered, and 87 multi-flowered plants were observed which gave a good fit to the expected 
9 3 4 ratio (~2'0 133, P=O 71) (Table 4 4), confirming the two-factor inheritance for number 
of flowers per axis It was not possible to distinguish the double 1,ecessive class (triple- 
multiflowered) From multi-flowered, so these two classes were combined This led to an 
expected ratio of 9 3 4 in place of 9 3 3 1 The suggested genotypes of parents and different 
phenotypic classes of Ft are given in Table 4 5 The inheritance pattern is explained in Pig 
4 2 
4.3.3. Inheritance of number of flowem per node in the cross ICC 4929 x JGM 7 
When double-flowered line (ICC 4929) was crossed with multi-flowered line (JGM 
7), all Fls were found to be single-flowered (Table 4 3) In the R, 195 single-flowered, 66 
R 3 
double-flowered, 72 multi-flowered, and 27 double-multiflowered plants were observed which 
gave a good fit to the expected 9.3,3:1 ratio (~2=1.51, P=0.68) (Table 4.4), confirming the 
two-factor inheritance for number of flowers per axis The suggested genotypes of parents and 
different phenotypic classes of F2 are given in Table 4.5. The inheritance pattern is explained 
in Fig. 4.3 
The results clearly established that two loci control number of flowers per axis in these 
genotypes. The double-flowered and triple-flowered are controlled by a single locus (.SPj and 
the allele for double-flowered trait (,sj7d) is dominant over the allele for triple-flowered trait 
(sfl,). The multi-flowered trait in JGM 7 is controlled by a different gene (cym) and the single- 
flowered plants have dominant allele at the both loci (,S$ o m  ) 
Table 4.3:  Flowering types of Fls in crosses between different flowering types 
ICC 4929 IPC 99-18 JGM 7 
(Double-flo\+crcd) (Tr~pi-flot&crcd) (hlub-flot~crcdl 1 
- -- 
Table 4 4 Goodness-of-tit 12 test for obsened frequenc~es of d~fferent flober~ng types 
~n FI of three crosses 
Cross Flonennghpc 
ICC 4929 Double-floncred (DF) 254 249 3 
I 
Y 0401 0 5 3  
I IPC 99-18 Tnple-flowered (TF) 78  83 I 1 
S~ngle-flowered (SF) 199 202 5 Y 
I 
(TM) 
S~ngle-flonercd (SF) 195 
Obscrvd 
ICC 4929 
Y 
JGM7 
Double-flob~ercd (DF) 
Multi-flo\+erd (MF 
Doublc-multi-flowerul 
P E\pcctd 
66 
72 
Fvpected 
gcnrtr 
ratlo 
67 i 
67 5 
(DF) 
12 
22 5 
Table 4 5: Suggested possible genotypes for different flowering types. 
/ Flowering type Possible genotype 
Double-flowered (DF) I sfd sfd Cym- or sfd sfl1 Cym - 
1 Triple-flowered (TF) *PI sf,  Cym- 
Sf -  cym cym 
s/Td sfl, qvm cym 
1 Tnple-multiflowered (TM) 
-. .- 
Fig. 4.1: Schematic representation of the inheritance of number of flowers per axis in the 
cross ICC 4929 (DF) x IPC 99-18 (TF) : 
ICC 4929 (DF) IPC 99-18 (TP) 
( sf8 sfld Q m  Cym ) X (sfl ,  sfl Cym Cym ) PARENTS I 
DF (sfd sjld C'ym Cym ) (1) 
DF (@d rfll O m  Gym ) (2) 7 F2 (21)  
TF (sf, SPI LLm Cym (1) 
3 6 
Fig. 4.2: Schematic representation ofthe inheritance of number of flowers per axis in the cross 
IPC 99-18 (TF) x J C M  7 (MF) 
IPC 99-18 (TF) JGM 7 (MF) PARENTS 
(sfll s$', Cym Cym ) X ( S '  Sfl cym cym ) 4 
ST; ( Sfl sfl, Gym cynr ) FI 
I 
(3) TF ($fll h?fl, Gym - ) 
(3) MF (Sfl - cym cyrn ) 
( 1 )  TM (bflr sfll cym q m  ) (9 3 4)* 
[* MI: and TT; classes were combined, as it was difficult to distinguish between these classes] 
Fig. 4.3: Schematic representation of the inheritance of number of flowers per axis in the cross 
ICC 4929 (DF) x JGM 7 (MF) 
ICC 4929 (DF) JCM 7 (MF) PARENTS 
(sJd sfld Cym Cym ) X ( SflSfl cym cynl ) 
4 
SF (Sflsfld Cym cym ) FI 
(9) SF ( Sfl - Llm- ) 
(3) DF (sfld sfld Gym - ) 
F2 
(3) MF (.v- cymcym) [ (9:3:3.1) 
(1) DM (sfld sfld cYm cYm ) 
4.4. Inheritance of flower colour 
Inheritance of flower colour (pink vs pink-veined white flower) was studied in two 
crosses that involved ICC 4929 (pink-veined white flower) as one of the parents, i.e. ICC 
4929 x IPC 99-18 and ICC 4929 x JGM 7. 
4.4.1. Cross 1CC 4929 x IPC 99-18 
The cross between ICC 4929 (pink-veined white flower) and IPC 99-18 (pink flower) 
produced pink flowered Fls and the observed ratio of 260 pink: 72 pink-veined white flowered 
plants in Fz that corresponded to the expected 3.1 ratio ( ~ 2  = 1 94; P = 0.16) (Table 4 6). The 
results suggested that a single gene control difference in the flower colour between the parents 
of this cross and pink flower colour is dominant over pink-veined white flower colour. 
4.4.2. Cross ICC 4929 x JGM 7 
The cross between ICC 4929 (pink-veined white flower) and JGM 7 (pink flower) 
produced pink flowered Fls The F2 data (n -360 plants) fitted well to  the ratio of 3 pink I 
white flowered plants ( ~ 2  = 3.79 . P = 0.05). The results were similar to  those from the cross 
ICC 4929 x P C  99-18. 
3 q 
Table 4.6, Segregation for Flower colour in the F2 oftwo crosses of chickpea 
ICC 4929 x 
[PC 99-18 
' Paren" Flo~cr  
colour 
pink- 
Cross 
F~ 
4.5. Inheritance of foliage colour 
gencrauon 
ICC 4929 x 
JGM7 
lnheritance of foliage colour (normal green, light green and purple) was studied (Plate 
No 4.4). The population (n=360 plants) of a cross between IPC 99-18 (light green) and 
JGM 7 (purple) segregated for light green and purple-foliage plants in a ratio of 3.1 
confirming the monogenic inheritance ofthe character ( ~ 2  = 1.48; P = 0.22) (Table 4 7) 
Expected 
ratio 
I 
Pi~k-  
veined 
white 
Plnk- 
The FZ population (n=360 plants) of a cross between ICC 4929 (normal green) and 
JGM 7 (purple) also showed monogenic inheritance of foliage colour where normal green 
foliage was dominant to purple ( ~ 2  = 3.33; P = 0.07) (Table 4 7). 
ICC 4929 
JGM 7 
F' 
F~ 
I 
plants 
vcincd 
wh~te 
Rnk 
Pink 
Pink 
Pink- 
veined 
whltc 
r2 Observed 
72 
P Expated 
7 
1 
I 
90 
286 
, 74 
194 0163 
270 
00 
1.79 0 051 
PIZ41'ld 4.4: Parents shov in:: varidtion in folia~e pifyri~er~t~~tii?t~ 
Table 4.7: Segregation for Foliage colour in the Ti of three crosses of chickpea 
Foliage E\pecred No. of plants , 0 , x2 1 p - 1  
PC 99.18 
x 
JGM 7 
ICC492Y 
Y 
JGM 7 
4.6. Genetic linkages: 
Linkage relationships of loci controlling number of flowers per axis, flower colour and 
foliage colour were studied in F2 populations of three crosses, ICC 4929 x IPC 99-18, [PC 99- 
18 x JGM 7, and ICC 4929 x JGM 7 Loci controlling foliage colour (normal green vs. light 
green) was found linked with flower colour (pink vs, pink-veined white), and flowering type 
(DF vs TF) in the cross ICC 4929 (DF) x IPC 99-18 (TF) with recombination frequencies 
Purplc 
0.386 (P= (0.01) and 0447  (P= 0.03), respectively (Table 4 8) 
1PC 99-18 
JGM7 
- 
F, 
F1 
ICC 1929 
---- 
jGM7 
F, 
F: 
I 
L'ght 
green 
Purple 
Llghl 
p e n  
Llghl 
grecn 
Purple 
Normal 
green 
Purple 
Nonnal 
green 
Normal 
g m  
105 
, 
I 
3 
YO 
. - 
260 
IOU 
255 
. -- 
270 
L)O 
270 
I48 
1 1' 
022 
-. 
0 I17 
Table 4 8: Joint segregation of characters in different F2 populations 
l5 lY 5062 5062 I687 5062 16x7 1687 562 
-. - 
Flowering type and foliage colour 
I Flower and rollage colours 1 
1 Flowering tlpe and foliage colour 1 
ICC 
4929 
JGM 7 
50 62 16.87 bM7 1 Exp. 151.! 5 6 2  50.42 14.87 + + 
16.9 5.62 
Flowering type and flowcr colour 1 
9 3 3 1 
'2.110 
Obr. 184 104 71 Nil 
Eq. 202.5 67.5 67.5 22.5 
ICC 
4929 
E 
IPC 
Y 3 3 1 
ratlo 
O h .  199 55 61 17 2.31 0.50 1 
")-" Exp. 186.7 62.25 62.25 20.75 
/ Flowering rlpe and folvage colour 1 
Cross XlYl XlYZ X2YI XZY2 ~2 P ~ * S E  1 
/ Flower and foliage colours 1 
-- -. 4 
[CC 
492') 
x 
IPC 
yy-lR 
Obse 220 52 41 20 I488  a l ( l i *  ( l Z W ~ l ( w 0 j  
Appr 9 3 3 1 
rat10 
Obse 203 68 51 10 Y 55 0 07* (1 447aI 043 
Exp 1% 7 6 2  25 6 2  25 20.75  
NOTE: XI, X2, X3 and X4 representing different flowering types (SF, DI: or TF, MI: and DM) 
and two flower colours (pink and pink-veined white) Yl and Y2 representing the foliage 
colours (normal green and light green or normal green and dark green or light and dark green) 
in some combinations and flower colours in others. 
Joint segregation analysis indicated that genes for flower colour and number of flowers 
per axis are independent from each other. The FI of the cioss ICC 4929 x JGM 7 segregated 
for flower colour (pink vs, pink-veined white) and foliage colour (normal green vs purple). 
No segregant was observed in this cross that had purple foliage with pink-veined white flower, 
indicating that either the two genes responsible for these characters are closely linked or one 
gene has pleiotropic effects on both the characters (Table 4.8) 
4.7. Genetic variability among flowering types for various characters 
4 3 
4.7.1. Number of flowers per axis (at 10 flowering nodes) 
The mean values were calculated and ranges were recorded for number of flowers per 
axls (average of 10 flowenng nodes) for each phenotyplc class (flowenng type) In TI 
population of each cross SF phenotyplc class was observed in the r~ of crosses (ICC 4929 x 
JGM and IPC 99-18 x IGM 7) None of the SF plants showed more than one flower at any of 
the flowering node DF types exhib~ted mean values of 1 80 (range-I 10 to 2 00) and 1 94 
(range=l 40 to 2 00) flowers per flowenng node In crosses ICC 4929 x JGM 7 and ICC 4929 
x IPC 99-18, respectively Mean values of I 98 (range=I 30 to 2 60) and 2 20 (ranged from 
1 40 to 2 70) flowersinode were observed for TF types In Tls of IPC 99-18 x JGM 7 and ICC 
4929 x IPC 99-18, respect~vely MF types recorded mean values of 1 38 (range=] 00 to 2 70) 
and 1 30 (range0 80 to 2 80) flowers per node In Fl of IPC 99-18 x JGM 7 and ICC 4929 x 
JGM 7 crosses, respectively The DM types showed a mean value 2 05 and the range from 
1 40 to 3 40 flowerslnode Results ~nd~cated that only TF and DM types showed mean values 
of more than two flowers per axis (Tables 4 9 to 4 13) 
4.7.2. Number of pods per axis (at 10 flowering nodes) 
Number of pods per axis in SF plant showed means of 0 94 and 0 86, and ranges from 
0.40 to l .OO and from 0.30 to 1.00 in the crosses 1PC 99-18 x JGM 7 and ICC 4929 x JGM 7, 
respectively. Mean values of 1.40 (range=0.80 to 2.00) and 1.26 (range=0.50 to 2.00) for PF 
types were observed in crosses ICC 4929 x JGM 7 and ICC 4929 x IPC 99-18, respectively. I.n 
TF types, means were found to be 1.57 with a range of 0 80 to 2.50, and 1.25 with a range of 
0.40 to 2 00 in two crosses IPC 99-18 x JGM 7 and ICC 4929 x IPC 99-18, respectively. 
While means of 0.95 (range=O.40 to1.80) and 0 80 (range=0.30 to 1.00) were found for MF 
4 4 
types in crosses IPC 99-18 x JGM 7 and ICC 4929 x JGM, respectively In the cross ICC 4929 
x JGM 7, DM types showed a mean value of 1.10 with a maximum range between 0 70 and 
2 30. Results showed that TF and DI: types produced more number of pods per axis than SF. 
MF and DM types (Tables 4.9 to 4.13). 
4.7.3. Number of pods per plant 
The average number of pods per plant was 159 (range=5 to 553) and 200 (range=l to 
778) in SF types, and 149 (range=25 to 375) and 192 (range=3 to 444) in M F  types in the 
crosses IPC 99-18 x IGM 7 and ICC 4929 x JGM 7, respectively TF types had a mean value 
of 144 (range=Z2 to 480), and 158 (range=25 to 410) in the crosses IPC 99-18 x JGM 7 and 
ICC 4929 x IPC 99-18, respecfively DF types showed mean values of 188 (range=I to 546) 
and 176 (range=lO to 557) in crosses ICC 4929 x JGM and ICC 4929 x IPC 99-18, 
respectively. Among all flowering types, DM types exhibited, more number of pods per plant 
with a mean value 207 (range=l8 to 365) However, there was no significant difference for 
this character among different flowering types in any of the crosses (Tables 4 9 to  4 13). 
4.7.4. Number of seeds per plant 
The number of seeds per plant had mean values of 208 (with a range of 6 to 808) and 
249 (with a range of 9 to  945) in SF type and 199 (with a range of 26 to 560) and 236 (with a 
range of 4 to  558) in MF types in crosses IPC 99-18 x JGM 7 and ICC 4929 x JGM 7 ,  
respectively. A mean of 188 with a range of 26 to 555 and a mean of 199 with a range of 26 to 
496 were found in TF type in crosses IPC 99-18 x JGM 7 and ICC 4929 x P C  99-18, 
respectively. The DF types gave mean values of 224 (range= I1 to 565) and 209 (range= 16 to 
4 5 
636) in crosses [CC 4929 x JGM 7 and ICC 4929 x IPC 99-18. respectively A mean value of 
258 with a range of 24 to 41 1 was found in DM in the cross ICC 4929 x JGM 7 No 
significant difference was observed among different flowering types for this character in three 
crosses, but DM type produced more number of seeds than other flowering types (Tables 4 9 
to 4 13) 
4.7.5. Yield per plant 
Seed yield per plant was found to have mean values of 28 64g (range=O 40 to I log) 
and 32 41g (range=O 60 to 131g) in SF plants, and mean values of 28 8Og (range =3 70 to 
80g) and 33 30g (range=O 50 to 77 5g) in hlF types in crosses IPC 99-18 x JGM 7 and ICC 
4929 x JGM 7, respectively Mean values of 27 OOg (with a range of 2 to 64 50) and 28 10g 
(with a range of 0 40 to 81 20) in DF types were recorded in crosses ICC 4929 x JGM 7 and 
ICC 4929 x IPC 99-18, respectively The mean value of 34 OOg (range=l 70 to 62 406) was 
observed in DM type in cross ICC 4929 x JGM 7 TF types showed mean values of 24 7g 
(range=2 to 64 50g) and 27 6g (range=2 30 to 70 OOg) in the crosses IPC 99-18 x JGM 7 and 
ICC 4929 x IPC 99-18, respectively No significant difference was found among different 
flowering types for seed yield per plant (Tables 4 9 to 4 13) 
4.7.6. LOO seed weight 
In SF type, 100-seed weight showed mean values of 13 61g (with a range of 6 67 ,o 
20 30g) and 12 91g (with a range of 7 28 to 22 OOg), while it showed means of 14 45g (range= 
7 00 to 28 708) and 14 30g (10 00-19 OOg) in MF type in crosses IPC 99-18 x JGM 7 and ICC 
4929 x JGM 7, respectively In DF type, mean values of I 1  908 (range= 7 30 to 14 70g) and 
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13 32 (range=6 25 to19 00g) were obtained in crosses ICC 4929 x JGM 7 and ICC 4929 x IPC 
99-18, respectively Mean values of 13 log (range=7 40 to 18 308) and 13 778 (ran& 20 to 
17 30g) were found in TF types in crosses IPC 99-18 x JGM 7 and ICC 4929 x IPC 99-18. 
respectively The DM types recorded a mean of 13 OOg (range=7 10-16 log) in the cross ICC 
4929 x JGM 7 Most of the comparisions with the MF and DM types recorded significant 
differences and it is clear that MF types produced more seed size than other flowering types 
(Tables 4 9 to  4 13) 
4.7.7. Number of seeds per pod 
The number of seeds per pod in SF plants ranged from I to 3 05 and I to 2 86 with 
mean values of 1 32 and 1 27 aid in MF plants it ranged from 1 00 to 1 70 and 1 00 to 1 90 
with mean values of 1 33 and 1 27 in two crosses IPC 99-18 x JGM 7 and ICC 4929 x JGM 7. 
respectively In DF type, it ranged from 1 00 to 1 86 and 1 00 to 2 90 with mean values of 
1 22 and 1 21 in crosses ICC 4929 x JGM 7 and ICC 4929 x IPC 99-18, respectively It varied 
from 1 00 to 2 12 and 1 00 to 2 90 with mean values of 1 32 and 1 27 in TF type in crosses 
IPC 99-18 x JGM 7 and ICC 4929 x IPC 98-18, respectively DM types showed range from 
1 00 to 1 95 with a mean value of 1 27 in the cross ICC 4929 x JGM 7 No significant 
differences were observed among different flowering types for this trait (Tables 4 9 to 4 13) 
4.7.8. Number of empty pods per plant 
This character recorded a range of 0 to 103 with a mean of 8 17 and a range of 0 to 55 
with a mean of 8 0 in SF type, and a range of 0 to 50 with a mean of 6 53 and a range of 0 to 
23 with a mean of 6 18 in MF type in crosses IPC 99-18 x JGM 7 and ICC 4929 x JGM 7, 
4 7 
respectively A range of 0 to 40 with a mean of 7.90 and a range of 0 to 35 with a mean of 
9.34 was recorded in DF plants of crosses ICC 1929 x JGM 7 and ICC 4929 x IPC 99-18, 
respectively. In crosses IPC 99-18 x JGM 7 and ICC 4929 x IPC 99-18, TF type exhibited 
ranges of 0 to  60 and 0 to 54 with mean values 7 80 and 10 30 respectively In the cross ICC 
4929 x JGM 7, DM types showed a range from 0 to 64 with a mean value of 7 63 No 
significant differences were found among flowering types for number of empty pods per plant, 
but the extreme values of ranges were low in MI; type than other flowering types (Tables 4 9 
to 4.13). 
These results suggest that the different flowering types (ST:, DI;, TI;. MT: and DM) had 
no significant effects on number c~lpods per plant, number of seeds per plant, number of seeds 
per pod and number of empty pods. The significant differences observed for number of 
flowers per axis, number of pods per axis. 100-seed weight and yield per plant 
Table 4.9: Comparision of different characters among Single, Triple and Multi-flowered 
plants in F? population of the cross IPC 99-l8(TF) x JGM 7(MF): 
Number of flowcrs 
per avis (average 
of 10 flowering 
1 30-2.60 1.00-2 70 
of 10 flo\\,ering 
noder) 
/ VARIABLE I 1 I SF / TF 
Number of pods MEAN+SE 159.1116 92 143.5019.78 
pcr plant I RANGE 5-55? 22480 25-375 1 
MF 
MEAN+SE 13  6ltO 16 11 l (10  27 14 J5iO 29 
100 seed we~ghl 
RANGE 6 67-20 10 7 40-18 10 7-28 711 
I 32iO 02 1 1244 01 I ZZOiO 2 1 
I-? 05 1-2 12 1-1 75 
Number seeds MEAN*SE 
per plant 
Yield pcr plant 
Nurnberoiempty 
pods pcr plant 
RANGF, 
MEANiSE 
RANGE 
6-808 
28 W*1.29 
01 40-1 10 
MEANiSE 1 8.17it) 72 
I 
7 7'HO 99 
0-60 RANGE 
26.555 
24.75+1 73 
244 5 
6.5310.U2 
0-50 0-103 
26.5601 
. .. - 
28 8 i l  XU 
3.70-7'J.70 
Table 4.10: Pair wise cornparisions (test of significance) among different flowering types in 
Fz of PC 99-18(m x JCM 7(MF) 
Numbcr of pods per / -1S.ll8 1 <0,00I'* ) 0.29 / 0,173 / -11.85 1 <kOlll** 1 
axis (a1 I0 flowering nodes) 
VARIABLE 
Number or f lo~ers  per 
axis (a1 10 flowering nodes) 
Number of empty 1 k 2 9  0.71 -1.5 1 0.135 1 4% / ll.33 I 
pods per plant 
SF = Single flowered type 
TF = Triple flowered type 
MF = Multiflowered type 
I 
S F X  TF) 1 (SFXM: 
1-value 
(TF X MF) 
1-value 
-- .. - 
Probabil~l! 
valuc 
- 
Probability I-value 
valuc 
-9.4 , <o.lHIl** 
Probnb~lit! 
value 
-21.02 I OllWl** 7.41 1 <ll,lMl*' 
Table 4.11: Comparision o f  characters under study among Single, Double, Multi and Double- 
multi-flowered plants in F2 population o f  the cross ICC 4929(DF) x JGM 7(MF) 
/ VARIABLE 1 / SF 1 DF 1 MF DM 1 
I 1-20 14-34 
axis (avemge of 10 
8-20 7-23 
S F  = Single flowered type 
DF = Double flowered type 
M F  = Multiflowered type 
DM = Double multiflowered type 
I 
I / 1. %d weight 
32 4111 47 
0.0-131 
Yield per plant 
M E A N S E  
RANGE 
M E A N Y E  
RANGE 
27.03r2.053 
- - . 
3-72.3 
I 
33 i i 2  1113 / 13,99*2 84 
-- - - - - -. . - 
0.5-77.5 \--;762.4 
12.91M 436 
7.28-22 
11.8910 213 
7.3-14.7 
14 2 9 s )  14 
10-18.98 
12 99s) .173 
7.1-16.1 
Table 4.12: Pair wise cornparisions (test of significance) among different plant types in F1 
population of a cross ICC 4929 (DF) x JCM 7(MF) 
Variable 
Nun~ber of 
flowers per 
axis (a1 10 
flowering 
nodes) 
p d s  per axls 
(at 10 
flowering 
Number of 
pods per plmt 
Number of 
seeds per plant 
/ Yield p r  plan1 
weight C"" 
Number of 
 perp pod 
-- 
Pmb, <O.(W)l** <b,(H)l" co (H)I** 
- .- 
I-valuc 11 . (K -1.81 3,l3 
Prob. <O.IN)l** 0.070 0.1H)1* 
- -- - 
I-value 9 . 68  -0.53 0.29 
Rob. 
I-value 
Prob. 
I-value 
Prob, 
I-valse 
Pmb. 
O,X(X) 
-06 
0.550 
-2.13 
0.03'3* 
- 
-5 97 
o *  
1-value -1.41 -1.19 4.06 
0.SW) 
-1.21 
0.220 
-1.92 
O.OS0 
-3.72 
a .OOi**  
0.412 
1.24 
0.220 
1.92 
O.Ohl1 
2.55 
- 
om: 
0.480 
OX6 
0 41Ml 
0.1X 
0.850 
-2.14 
-- 
o 030* 
0.hlK) 
-0.75 
0.450 
0.32 
0.75f) 
3.92 
<0.001** 
0.770 
0.37 
0.700 
0.1 
-- 
0.7% 
0.17 
- 
O.X70 
Table 4.13: Comparison of  characters under study between double and triple-flowered 
plants in F2 population of cross ICC 4929 (DF) X IPC 99-18 (To: 
VARIABLE 
DF = Double flowered type 
TF = Triple flowered type 
-- 
Numbr of flowcrs pcr 
of 
I0 flowennp nodes) 
Number of pods per 
(average of 
10 flower~ng nodes) 
MEANiSE RANGE 
DF 
1 94iO 085 
- 
1 26&0 230 
DF x TF 
TP 
2 2+0 270 
1 25k0 430 
4 
Numbcr of sccds pcr 
pod 
-- - - - -  - -- - 
Number of mp(v pods 
9 34+0 475 10 3211 130 0-35 0-54 0 42 
per plant 
15819590 
198 8*12 02 
- - 
27 5811 745 
lil-575 
16-616 
- -- 
U 4-81 2 
Number of pads per 
/I75Yi7OXO 
plant 
DF 
Number of secds pcr 
plant 
Yldd per plant 
~.vdbe IF 
25-4IO 
- - 
26-496 
- - 
2 3-70 
208 W8 140 
28 14i1 110 
Ikoh 
- 
14-20 
b -- 
5-20 
1 5  
 - - 
0 69 
-- -- 
11 25  
14-27 
- - 
4-20 
O l l 6  
- - - 
0 49 
-- - 
0 XO 
-- 
-9 36 
-- - 
0 I 1  
0 001" 
0 91 

Chamter V 
Dlscussion 
CHAPTER V 
DICUSSION 
The investigation was aimed at studying inheritance, penetrance and expressivity of 
factor@) controlling number of flowers per axis in chickpea (('icur orictit~rrrn L.). A double- 
flowered line (ICC 4929), a triple-flowered line (IPC 99-18) and a multi-flowered line (JCM 
7) were crossed in all possible combinations. Data were recorded on parental lines (ICC 4929, 
IPC 99-18 and JGM 7), FIS and Fls. Reciprocal crosses were excluded in F2, as Fls from 
direct and reciprocal crosses did not reveal maternal effects for any of the characters under 
study. Thus, three crosses (ICC 4929 x IPC 99-18, IPC 99-18 x JGM 7 and ICC 4929 x JCM 
7) were studied in 15 Efforts were also made to assess the effect of the trait controllinl~ 
number of flowers per axis on grain yield and its components. The results of the present 
investigation are discussed under the following headings. 
5.1. Penetrancc 
5.2. Expressivity 
5.3, lnheritance of factors controlling number of flowers per axis 
5.4, Inheritance of flower colour 
5.5. lnheritance of foliage colour 
5.6. Genetic linkages 
5.7. Genetic variability among flowering types 
5 5 
5.1. Penetrance 
Apart from the genes for quantitative traits, some genes controlling qualitative traits 
are highly influenced by the environment and cause variable phenotypic effects. The 
phenotypic effects produced by such genes may not be noticed in some individuals of a given 
population. Level of penetrance can be calculated as the proportion of individuals with a given 
genotype, which exhibit a particular phenotype. 
The parental genotypes ICC 4929, IPC 99-18 and JGM 7 exhibited 10Ph penetrance 
for double-flower (DF), triple-flower (TP), and multi-flower (MP) traits, respectively. Kumar 
et al. (2000a) found unstable penetrance of 53% [~2=8.71; 0.01>P>0.0001] in F2 and 84.5% 
[~2=1.52; 0.25>P>0.20] in RlLs for double-podded gene (ss). We considered only flowering 
data (number of flowers per axis) of the fixed lines (parental lines) for determinin8 penetrance 
of genes. This is because the conversion of flowers to pods is highly affected by the external 
environment (temperature, soil moisture and sunlight, etc.). We preferred to use fixed lines, as 
we are sure about the genotype of the plants. We believe that the penetrance of double-flower 
trait would have been higher in the study of Kumar et al. (2000a) if it was calculated from the 
flowering data on parental lines. The crop was ~rovided one light imgation during flower 
initiation, to avoid moisture stress and to get maximum expression of the trait. 
5.2. Expresaivity 
The double-flowered line ICC 4929 showed mean expressivity of 96.34% (range 
between 60% to 100%) for the double-flower trait, the triple-flowered line IPC 99-18 showed 
mean expressivity of 81.15% (range between 20% to 100°/o) for triple-flower trait, and the 
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multi-flowered line JGM 7 showed mean expressivity of 51 33% (range between 0% to 80%) 
for the multi-flower trait. Thus, the highest expression was found for the double-flower trait. 
This variation in expressivity of different flowering types could possibly be due to the positive 
influence of environment on double-flower gene than on triple and multi-flower genes, or less 
adaptive value oftriple and multi-flower genes as they were evolved recently 
On an average, 79.26% of the flowering nodes produced pods in the double-podded 
line 1CC 4929 and the double-pod trait showed mean expressivity of 76.36% with the range 
between 20% and 90%. Kumar et al(2000a) observed variable expression of double.pod trait 
in Fz (1.1-14.8%) and in RlLs (0.1-33%). For the same trait he observed higher expression in 
late sown (17.1-68.7%) than in early sown double-podded parent The difference in the 
expressivity for double-pod trait between the study of Kumar et al (2000a) and this study 
would be due to differences in the genetic background of lines used. 'The triple-flower trait 
showed 0.00% expressivity in triple-flowered parent IPC 99-18. Thus, one flower at each 
flowering node always failed to set pod. It was distinctly differen! in appearance than other 
two flowers (Plate 4.1). So, the triple-flowered line 1PC 99-18 did not have any triple-podded 
node. It only had double-podding nodes (55.3%) and single-podding nodes (44.7%). In multi- 
flowered parent, 48.15% of multi-flowering nodes converted into podding nodes. The multi- 
pod trait showed mean expressivity of 24.7% with range from O.OO"/o to 66 7% in multi- 
flowered parent JGM 7. The expressivity of this trait was very low as compared to other 
flowering types. 
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The penetrance and expressivity of the gene(s) controlling number of flowers per axis 
can be increased and stabilized by placing it in appropriate genetic backgrounds and then this 
character can be efficiently tapped to get higher yield in scarce soil moisture conditions under 
which chickpea is traditionally grown in India and elsewhere. 
The difference between expressivity and penetrance is that with the former, the trait is 
expressed to a variable extent, while with the latter it may or may not be expressed even 
though the genetic makeup of the genotype suggests that it should be. It is often impossible to 
determine causation of penetrance and expressivity of a gene but both environmental factors 
and other modifier genes (genetic suppression and position effect) are known to influence 
them. 
5.3. Inheritance of factors controlling number of flowers per axis 
The results from the study of inheritance and allelic relationships of genes for different 
flowering types indicated that the double-flower trait and the triple-flower trait are controlled 
by a single locus (Sf l .  The allele for double-flower trait ( s j b )  was dominant over the allele for 
triple-flower trait (sfl,). The multi-flower trait is controlled by another locus (cym). The 
homozygous condition of recessive alleles at cyni locus leads to expression of multi-flower 
trait. There are several reports on inheritance of double-floweridouble-pod trait in chickpea 
All these reports suggest that single-flowerlsingle-pod trait is dominant over double- 
flowerldouble-pod trait and controlled by a single locus (Khan and Akhtar 1934; Ahmad 
1964; Singh 1965; Patil 1966; D'Cruz el al., 1970; More et a1.,1976; ICRlSAT annual report 
1977; Yadav el al., 1978; Pawar et a/., 1983 Rao el al., 1983, Singh er al., 1989, Kumuelal., 
5 8 
2000a; Gaur and Gour 2002). This locus was designated 'S' by Khan and Akhtar (1934). and 
'SF by D'Cruz and Tendulkar (1970) The only report on inheritance of triple-flower trait is 
by Singh and Chaturvedi (1998). 'They demonstrated that triple-flower trait in chickpea is 
controlled by single recessive gene 'rlf. The allelic relationship of genes for double-flower 
trait and the triple-flower trait has been studied for the first time in the present study. As the 
results clearly demonstrate that the genes for these traits are allelic, there is a need to change 
the gene symbols 'sJi'd' for the allele for double-flower trait and 'sfl,' for the allele for triple- 
flower trait. 
The inheritance of multi-flower trait has been earlier studied by Gaur and Gour (2002) 
who identified the multi-flower mutant and developed the line JGM 7 used in this study They 
also studied the allelic relationships of genes for double-flower and multi-flower traits and 
reported that two independent loci (sfl and cym) control number of flowers per axis in 
chickpea. Results from the present study confirm their findings. The allelic relationship of 
genes controlling triple-flower trait and multi-flower trait has been studied for the first time in 
the present investigation. The results clearly demonstrated that the genes for these two traits 
are not allelic and two different loci control these traits. These results are expected as the gene 
for triple-flower trait is allelic to the gene for double-flower trait. 
5.4. Inheritance of flower colour 
Flower colour has profound effect on other morphological and physiological patterns. 
The inheritance of flower colour (pink and pink-veined white flower) was studied in two 
crosses ICC 4929 x 1PC 99-18 and ICC 4929 x JGM 7, where ICC 4929 had pink-veined 
white flower and the other parent had pink flower. In both the crosses, the Fis were pink 
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flowered and F2s segregated in a 3:l ratio for pink and pink-veined white flower plants, 
suggesting monogenic control of these variants of flower colour and dominance of pink flower 
colour over pink-veined white flower colour. The results obtained by Pimplikar (1943). Khan 
el a/. (1950), Argikar (1955). Argikar and D'Cruz (1963). Bhapkar and Patil (1963), More 
(1964), Patil (1964), Athwal and Brar (1967), Patil(lY67), Khosh-Khui and Niknejad (1971). 
Jagtap eta[. (1973), More and D'Cruz (1976b). Nayeem er a/. (1977). Reddy and Nayeem 
(1978), Yadav el al. (1978). Pawar and Patil(1982 and 1983). Kidambi e l  a/. (1988). Singh er 
a/. (1988). Gil and Cubero (1993) Pundir and Reddy (1997), Tefera (1998). Sabaghpour 
(2000) and Kiran Kumar (2001) showed that pink is differentiated from whitelblueilight 
velvet colours by a single factor. 
However, there are studies that suggest that two genes (Khan and Akhtar.1934; Pal, 
1934; Kadam el al., 1941; More and D'Cruz, 1970, 1976a; Deshmukh rr 01.. 1972: Patil and 
Deshmukh, 1975; Reddy and Chopde, 1977a; Pawar and Patil, 1979; Rao cr a / ,  1980; Ghatge 
ei al ,  1985; Davis 1991; Ghatge 1994a; and Kumar. 1997) or three genes (Ayyar and 
Balasubramaniyan, 1936; Balasubramaniyan, 1951, and Kumar ei a / ,  2000b) are involved in 
controlling flower colour 
The inheritance of different flowering colours can only be explained when we consider 
three-gene hypothesis for control of flower colour in chickpea. Depending on the genotypes of 
the parents, one gene, two genes or three genes can segregate in a given R population. Ayyar 
and Balasubramaniyan (1936), Balasubramaniyan (1951) and Kumar e l  a1 (2000b) who 
studied genetics of white, blue and pink flower colours concluded that three independent 
6 0 
genes C, R and P were involved in the production of these colours All the three factors 
together in dominant condition produced pink colour Blue colour is produced when H is 
present in combination with C, and white flower colour is produced when either R or (' is in 
homozygous recessive condition. 
The inheritance of pink-veined white flower colour was Rrst reported by Gaur and 
Gour (2001). They studied the pink-veined white flowered line 1CC 4929, which has also been 
used in this study. From their study it is clear that a single factor 'ife' is responsible for the 
conversion of flower colour from pink to pink-veined white, and pink flower colour is 
dominant over pink-veined white The homozygous recessive (* ye) condition at the 'Ife' 
locus will inhibit the flower colour without modifying the vein colour Thus, pink flower 
colour (17' RR vc ffi) changes to pink-veined white (!'I' HH !fi @). The genotypes for pink 
and pink-veined white flowered parents used in this study are similar to genotypes suggested 
by Gaur and Gour (2001). 
5.5. lnheritnnce offoliage colour 
Variations in foliage colour of chickpea occur mainly due to intensity of anthocyanin 
pigmentation. This can be used as a good genetic marker for studying the evolutionary trends 
and varietal identification in seed production programmes. Genetics of this character is not 
well understood. 
In the present study low pigmentation (normal green foliage) was found to be 
dominant over high pigmentation (purple foliage) and followed monopnic inheritance in two 
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crosses ICC 492 x JGM 7 and IPC 99-18 x JGM 7 Similar results were obtained by Bhapkar 
and Patil (1962), Rao el a1 (1980), and Kiran Kumar (2001) Monogenic inheritance of this 
trait has also been reported by More and D'Cruz (1976a). Ghatge (l994a). Mathur (1998) and 
Tefera (1998) but in their studies high pigmentation was found dominant over low 
pigmentation which is contrary to the findings of present study, which shows dominance of 
high pigmentation. There are also reports suggesting digenic inheritance of this trait Sandu el 
al. (1993) found 1313 ratio for green and purple plants, indicating dominance of normal green 
over purple pigmentation, which was contrary to the findings of Ghatge and Kolhe (1985), 
who found that purple was dominant over pale green (9:7), Influence of light on the intensity 
of pigmentation was suggested by Mathur (1989) who reported two complementary genes for 
light dependent purple pigmentation. 
The differences in dominance recessive relationship and gene interactions for the same 
trait in different studies might be due to differences in genotypes and mutations that might 
have taken place in both the directions. 
5.6. Genetic linkages 
A linkage was detected between two morphological characters flower and foliage 
colours in the cross ICC 4929 x IPC 99-1 8. 
Joint segregation studies of flowering type and flower colour revealed that none of the 
two genes for flowering types was linked to the gene(s) for flower colour in two crosses (ICC 
4929 x IPC 99-18 and ICC 4929 x JGM 7) studied. Pawar and Patil(1983), and Singh el a1 
(1988) reported that corolla colour (1,vco) is linked with loci (Sfl controlling number of 
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flowers per axis We could not detect this linkage, as the only flower colour locus segregating 
in the two crosses was 'If?. 
Joint segregation of flower colour and foliage colour in F2 of ICC 4929 x JCiM 7 
showed the absence of recombinant phenotype having dark foliage and white flower colour 
This indicates the possibility that a single gene has pleiotropic effects on flower colour and 
foliage colour. Ayyar and Dalasubramanyam (1936), Argikar (1955) and D'Cruz and 
Tendulkar (1970) also suggested pleiotropic effects of a gene on expression of stem 
pigmentation and flower colour. 
5.7. Genetic variability among flowering types for various traits 
The plant breeders often need to deal with oligogenic and polygenic traits showing 
variable expression under different environments where in careful selection must be exercised 
in the early generations to get the desirable final product. More diverse the parents, the greater 
are the chances of recovering desirable combination and obtaining higher level of expression 
of that trait. Thus, crop improvement depends on the magnitude of genetic variability and 
number of loci controlling a trait in the base population. Chickpea is a self-pollinated crop and 
demand extensive studies to investigate and exploit the existiny variability. Therefore, the 
present investigation was taken up to find out significant differences for various characters 
between different flowering types. 
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Significant differences were found between flowering types for various characters 
studied indicating variability in flowering types. There were no references before this study 
regarding variability between flowering types for comparison of these results. 
The characters number of flowers per axis, number of pods per axis, yield per plant 
and 100-seed weight were found significantly different between flowering types. No 
significant differences were observed for number of pods per plant, number of seeds per plant, 
number of seeds per pod and number of empty pods. MF types recorded more seed size and 
yield per plant than other types in two crosses ICC 4929 x JGM 7 and [PC 99-18 x JGM 7. 
however the range was higher for SF types than MF types in both crosses The significant 
differences observed for seed size among different flowering types need f'urther examination. 
Itowever, the results suggest possibility of selection of proper genetic background for 
exploitation of loci controlling yield contributing traits More combinations of diverse 
genotypes would be needed to evaluate the effects of gene(s) controlling number of flowers 
per axis on yield. 
Chamtar VI 
Summary 
CHAPTER VI 
SljMMARY 
The study was aimed at determining allelic relationships, penetrance and expressivity 
of genes controlling number of flowers per axis and to know the effect of these traits on yield 
and yield contributing characters in chickpea (('rcer. ar.ieroarm L.). Inheritance was also 
studied for two morphological traits, flower colour and pigmentation. 'These studies were 
conducted at the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) 
Patanchew, near Hyderabad, A.P. during 2004-05 post-rainy season 'The material for 
investigation comprised of a double-flowered line (ICC 4929), a triple-flowered line (IPC 99- 
18) and a multi-flowered (JGM 7), six I:ls derived from crosses between these lines (included 
both direct and reciprocal) and three F2s (ICC 4929 x IPC 99- 18. IPC 99- 18 x JGM 7 and 1CC 
4929 x JGM 7) excluding reciprocals. 
Expression of flowering in chickpea is highly variable 'l'he variability at expression 
level was studied for double-pod trait by few researchers. There are no reports on penetrance 
and expressivity of triple-flower and multi-flower traits. I lence, the present investigation was 
carried out to  study the penetrance and expressivity of gene(s) controlling various flowering 
types. 
In the parental lines, gene(s) for double, triple and multi-flower traits showed 100% 
penetrance. But the expressivity was variable for flowering and podding trait. In double- 
flowered line ICC 4929, 79.26% of flowering nodes (96.34%) converted into podding nodes 
(76 36%). In triple-flowered line PC 99-18, none of the triple-flowered nodes (81.15%) 
convened into triple-podded nodes indicating 0.00% expressivity for triple-pod trait. This line 
had more double-podded nodes (55 30%) than single-podded nodes (44.709'0). The multi- 
podded line JCM 7 showed mean expressivity of 51.33% for multi-flower trait and 24.70°'0 
for multi-pod trait, indicating that 48 15% of multi-flowered nodes converted into multi- 
podded nodes. Results indicated that double-flower and double-pod traits had higher 
expressivity than other flowering and podding types. 
Average number of flowers per axis was higher in multi-flowered (2.83) and triple- 
flowered (2 80) lines than in double-flowered (1.96) line. Multi-flowered line JGM 7 (2.16) 
exhibited more number of pods per axis than double-flowered line ICC 4929 (1.77) and triple- 
flowered line IPC 99-18 (1 44), indicating that multi-flower trait could contribute higher yield 
through more number of pods per axis 
Allelic relationships were worked out for genes controlling different flowering types. 
Pi segregation in the cross ICC 4929 (DP) x IPC 99-18 (TF) indicated that double and triple- 
flower traits are controlled by a single gene (Sm, and double-flower trait (sfd) is dominant to 
triple-flower trait (sfl,) The Fls of the crosses of multi-flowered line JCM 7 with double- 
flowered line ICC 4929 and the triple-flowered line IPC 99-18 were single-flowered The F2s 
of the cross [PC 99-18 (TP) x JGN 7 (MF) produced different flowering types that gave a 
good fit to a ratio 9 (SF) . 3 (TF) : 4 (MF TM). The P2 of the cross ICC 4929 (DF) x JGM 7 
(MF) gave a good fit to 9 (SF) 3 (DF) . 3 (MF) . I (DM) ratio. These results indicate that two 
loci (S/I_ Cym-) control the number of flowers per axis in chickpea. Therefore, the following 
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genetic constitutions are suggested for different flowering types observed in parents. F,s and 
Fzs : 
ICC 4929 (DF) ( $'d @d Cym Cym ). IPC 99-18 (TF) (& sfl, C'ym C'ym ), FI 
(DF) ( s f d  rfl, Clrm Q m  ), F2 (DF) (sf,+ @d Cvm Cym and sf7d tflr Qm Cym ) and 
(TF) ($fltflt Gym Gym 1. 
P C  99-18 (TF) (sfl,sJI, Cyni Cynr ), JGM 7 (MF) ( SflSfl cynl cynr ), PI (SF) (Sfl 
sfll Cjm CYm ), F2 (SF) (Sfl - Gym- ). T[; (fl, ssf Cym - ), MF (Sfl- cynt cym ) and TM 
(sfrt sfll v m  cyrn ). 
ICC 4929 (DF) (.& .$% Cym Cym ), JGM 7 (MF) ( SflSJI cym cym ), FI (SF) ( Sfl 
s f d  L j m  cym ), F2 (SF) ( .\J - Cjm-  ), DF (sfld sj7d Cyrn ), MI; ( Sfl- cym cytn ) and 
DM ( f l d  sJrd cym cynr ). 
Monogenic inheritance was confirmed for two morphological traits, pink vs pink- 
veined white flower, and green foliage vs purple foliage, where pink flower colour and green 
foliage colour were dominant to their contrasting traits. Joint segregation analysis showed 
independent assortment of genes controlling flowering type and flower colour traits ir the 
crosses ICC 4929 x IPC 99-18 and ICC 4929 x JGM 7. Foliage colour showed a weak linkage 
with flowering type with crossing over percentage 38 6% (P= <0.01) in the cross ICC 4929 x 
IPC 99-18. In the cross ICC 4929 x JGM 7, no single segregant was found to have purple 
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foliage with pink-veined white flower indicating the pleiotropic effect of a gene over both the 
traits 
Significant differences among flowering types were observed in segregating 
populations for number of flowers per axis, number of pods per axis. yield per plant and 100- 
seed weight. Among flowering types. TF and DM produced more than two flowers per axis. 
TF plants produced more number of pods per axis, while MF and DM types had higher yield 
per plant and 100-seed weight, In spite of no significant difference among flowering types, 
DM types recorded higher mean values for characters number of pods per plant and number of 
seeds per plant, and MF types recorded less number of empty pods per plant. 
Conclusions 
Based on the results of the present investigation the following conclusions are drawn: 
1. Two loci (Sf- Cynr-) govern number of flowers per axis in chickpea. The gene for 
double-flower trait (sfld) and the gene for triple-flower trait ( s f l )  are allelic and belong to 
the locus 'SJ'. The allele 'sjid' is dominant over the allele 'sfl: The double recessive at 
the 'Cym' locus (cym cym) produces multi-flower trait. 
2. The following genotypes are proposed for different flowering types 
Single-flowered (SF) =sfr- Qm- 
Double-flowered (DF) = sfld A$, Cym- or f l d  sflr Gym- 
Triple-flowered (TF) = sf, .fl, Gym- 
Multi-flowered (MF) = Sf - cym cym 
Double-multiflowered @M) = sfln sfd cym cym or sfd sf, cyrn cym 
Triple-multiflowered (TM) 
= sJl, fl, cym g m  
3 .  The genes controlling number of flowers per axis exhibited 100% penetrance in the 
parental lines 
4. Variable expressivity was found for genes controlling number of flowerdpods per axis in 
parental lines. Doubleflower trait showed higher level of expression than tripleflower 
and multi-flower traits Similarly, double-pod trait showed higher level of expression than 
multi-pod trait. Triple-pod trait exhibited zero% of expression. 
5. Monogenic inheritance was observed for flower colour (pink flower vs pink-veined white 
flower). The allele 'ifc' in homozygous condition inhibits flower colour without affecting 
the vein colour i.e, p i i  flower colour changes to pink-veined white flower colour. 
6 Pigmentation on foliage was found to be controlled by a single gene with normal green 
dominant to purple 
7. The Fz segregants with purple foliage always had pink flowers, suggesting that a gene has 
a pleiotropic effects on flower colour and foliage colour. 
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8. Multi-flowered line showed more number of flowers and pods per axis than double- 
flowered and triple-flowered lines. 
9 Variability was observed among flowering types for number of flowers per axis, number 
of pods per axis, yield per plant and 100-seed weight Multi and double-muitiflowered 
types exhibited higher yield per plant and seed size than other flowering types 
The results of this study are preliminary and further investigations are needed to assess 
the advantages of double, triple or multi-flower traits in chickpea These traits should be first 
transferred to suitable agronomic backgrounds and then fixed lines should be developed afler 
continuous selection of the plants with higher expression of these traits These lines should 
then be evaluated in replicated trails in different agroclimatic conditions 
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APPENDIX I 
Weather data during the crop growth period (October 8 -March 4,2004105). 
Std Rain Evap Max Mia On (in Temp Temp 
Year mm) mm) (in") (in0Q 
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